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FIELD OF INVENTION 

The promt invention relates to a Alter system for particle detectors, in 
P^cular, the present invention relates to a method and system for determining 
particle tranamittancc of a filter, for example, for use -with a smoke detection system 
of the kind in which a detector produces an electrical output indicating the 
concentration, in the air, of particles produced by smoke or fire. In one form, the 
invention relates to a device and a method of providing a filter waning for aspirated 
smoke detection systems, and it will be convenient to hereinafter describe the 
invention in relation to dial application. It should be appreciated, however, thai the 
present invention is not limited to that application, only. 
BACKGROUND OF INVENTION 

Fire protection and suppressant systems may operate by detecting the presence 
of smoke and other airborne pollutants. Upon a threshold level of smoke being 
detected, an alarm may be activated and operation of a Are suppressant system may be 
initiated. While die fire itself will cause damage, considerable property damage and 
also environmenta] damage may also be caused by operation of the fire suppression . 
system and subsequent removal of the suppressant maybe quite hazardous. A 
detection system, which is sufficiently sensitive to detect an abnormal condition prior 
to the onset of a fire, is very advantageous as it enables action to be taken at a very 
early stage before the onset of actual fire conditions. For example, when most 
substances are heated, even before heating occurs to a point at which a fire 
commences, emissions will be generated and if these can be detected by a suitably 
sensitive system, a warning provided at that very early stage may allow the problem to 
be detected and rectified, or equipment turned off for example, before the fire actually 
starts. 

Aspirated smoke detection systems may incorporate a sampling pipe network 
consisting of one or more sampling pipes with sampling holes installed at positions 
where smoke or pre-fire emissions may be collected. Air is drawn in through the 
sampling holes and along the pipe by means of an aspirator or fen and is directed 
through a detector at a remote location* Although there are a number of different 
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types of smoke detectors which may be used in a system as outlined above. Optical 
scatter detectors, have been found to provide suitable sensitivity at reasonable cost 
Optical scatter detectors operate on the principle that smoke particles or other airborne 
pollutants when Introduced into a detection chamber and subjected to a high intensity 
light beam will cause light to scatter. A light sensor senses the scattered light. The 
greater the amount of smoke particles within the sample introduced into the detector 
chamber the greater will be the amount of light scatter. The scatter detector detects the 
amount of scattered light and hence is able to provide an output signal indicative of 
the amount of smoke particles or other pollutant particles within the sample flow. 

A difficulty arises in operation of aspirated smoke detector systems of the 
above kind in that most atmospheres where smoke or Joe detection is required contain 
dust which may interfere with operation of the system. A filter may therefore be 
incorporated into the system for the purpose of keeping dust away from sensitive 
optical surfaces and to prevent dust from artificially affecting the detection of 
particles indicative of the presence of fire and/or smoke. For example with optical 
scatter type detectors, the presence of dust may seriously affect the detector output 
since dust particles may be generally larger than the particles which are indicative of 
the presence of smoke or fire and produce more scattered light than those particles. 

Over time a filter used to reduce dust transmittance into the detection dumber 
will eventually fill with dust, which may prevent passage therethrough of not only 
dust particles, but also emokc particles. . This causes the effective sensitivity of the 
detector system to drop. Attempts have been made in the prior art to alleviate this 
difficulty, &r example, see granted US Patent No. 6,052,058 entitled Filter integrity 
Monitoring System m the name of the present applicant, the contents of which are 
incorporated herein by reference. 

When detecting amoke in a given environment, it is important to discriminate 
between smoke particles and dust particles, both of which win scatter light once in the 
detection chamber. Ideally dust particles are removed from the airflow path and 
smoke particles are allowed to continue through to the detection chamber. Thus, in an 
ideal situation, dust transmittance through the filter would be zero, and smoke 
transmittance would be 100%. Unfortunately no known filter has this characteristic 
transmittance. One problem is that there is some overlap in sizes between smoke and 
dust particles, and therefore the functionality of the filter is usually a compromise 
between arresting all dust and unintentionally arresting some larger smoke particles 



COMS ID No: SMBWJ034B266 Received toy IP Australia- Time (H:m) 16:16 Date (V-M-d) 200W7-18 



18- 7-031 atS0PMlOAVI6S COIUSON cave 



10 



IS 



20 



25 



30 



thereby decreasing the apparent smoke level seen by the detector, end allowing all 
smote through with some dust, thereby increasing the apparent smoke level aeen by 
tho detector. Another problem with filteni is that they may block over time. If« 
filter block*, it may not transmit smoke particle* to the detection chamber, thus 
reducing the effectiveness of the smote detector. For this reason h is desirable to be 
able to detect filter blocking before it causes problems In smoke <fot~ri« n 
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or knowledge in this specification 
a. It should not be taken as an 



is included to explain the context of the inv 
admission that any of tho materia] formed part of the prior art base or the common 
general knowledge in the relevant art on or before the priority date of the invention 
disclosed herein or, any churns defined herein. 
SUMMARY OF INVENTION 

In one aspect the present invention provides e method of determining smoke 
particle transmittancc of a filter in a smoke or fire detection system, the method 
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detecting a level of first particles having a size indicative of smote particles 
d which, pass through the detection system; 

determining an integrated smote hours value by integrating the detected level 
of first particles over time; 

catenating the smote particle trnnamittance of the filter by applying a 
predetemrined weighting operation to the integrated smoke hours value. 

In essence the present invention stems from the realisation that an empirical 
measure of a filter's smote particle traiismJttanoe, due to at least first particles having 
a size indicative of smote particles may be achieved by way of integrating a the level 
of such first particles passing through a fire and smoke detection system over time to 
determine the proportion of smote particles arrested by a filter. Using this method it 
is not necessary to infer the actual "filter load" per-se. The "filter load" is a 
measurement of the actual particle mass trapped in the filter. 

In ono embodiment the estimated smoke particle transmittance is compared to 
a first threshold value at which, it is im^nnmed that toe treiism^ srooke 
particles by the filter has reached a first level, and indicating a first level filter 
warning when the estimated smote particle transmittance is less than or equal to the 
first threshold value. 

Preferably, the method further comprises the steps of: 
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comparing the estimated amok* particle transmittance to a second threshold 
value at which, it is predetermined that the trannnitUnee of smoke particles by the 
filter has reached a second warning level; 

Indicating a second level filter warning when the estimated smoke particle 
transmittance is less than or equal to the second threshold value 

The method may further comprise the steps of: 

detecting end recording a level of second particles, having a size indicative of 
dust particles, passing through the detection system; 

providing a cumulative count over time of the number of recorded second 
partioles; 

determining an estimated combined particle tnmsmittance by combining the 
cumulative count of recorded second particles and the estimated smoke particle 

Hie method may still Suffer comprise the steps of: 

comparing the estimated combined particle traosmxttance to the first threshold 
value and; 

Indicating the first level filter warning when the estimated combined particle 
transmittance is less than or equal to the first threshold value. 
The method may yet further comprise the steps of 

comparing the estimated combined particle transmittance to the second 
threshold value and; 

indicating Ac second level filter warning when the < 
particle transmittance is less than or equal to the second threshold 
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prior to entering the 



The first and/or second particles may either be deto 
filter of the detection system or after exiting the filter. 

In another aspect, the present invention provides, in a smoke or fire detection 
system, apparatus for determining smoke particle transmittance of a filter comprising: 

a detector for detecting a level of first particles having a size indicative of 
smoke particles and which, pass through the detection system; 

a recorder for recording the detected level of first particles; 

an integrator for integrating the recorded level of first particles over time, 
thereby providing an integrated smoke hours value; and, 

an estimator for estimating the smoke particle transmittance of the filter by 
applying a predetermined weighting operation to the integrated smoke hoots value. 
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operation performed by 
up table. 

In a flmh^r eml 



multiplication 



ftirther adapted 



at tho present invention provides apparatus for 
momionng a tuter in a mote or fee detection system, the apparatus comprising: 
apparatus for determining smoke particle transmittance as disclosed; 
a comparator for comparing the estimated smoke particle transmteanee to a 
first threshold value at which, it is predetermined that the amount of smoke particles 
arrested by the filter has reached a fat warning level; 

an indicator for indicating a first level filter warning when the estimated 
smoke particle rransnnttanee is less than or equal to the first threshold value. 

In another embodiment, the apparatus for monitoring a filter in a smoke or fixe 
detection system further co mp rises: 

a comparator for comparing the estimated smoke particle tnmamiH™,., - . 
second threshold value at which, it is predetermined ttu 
arrested by foe filter has reached a second warning level; 

an indicator for indicating a second level fitter warning when the estimated 
smoke particle transmittance is less than or equal to the second threshold value. 

In yet another embodiment, the apparan* for nwnitormg a fi^ 
fire detection system further comprises: 

a detector for detecting second particles, having a size indicative of dust 
particles, passing through the detection system; 

a recorder for recording the detected second particles; 

a counter for providing a cumulative count over time of the number of 
recorded second particles; 

an estimator for estimating a combined particle transmittance by combining 



foe amount of smoke 



tho cumulative count of recorded second particles and the estimated smoke panicle 
transmittance. 



The apparatus for iriom^ring a filter may still farther comprise: 

a comparator for comparing the estimated combined particle transmittance to 
the first threshold value and; 

an indicator for indicating the first level filter warning when the estimated 
combined particle transmittance is less than or equal to the first threshold value. 
The apparatus for monitoring a filter may yet further comprise: 



COMS ID No: SMBW034S2B6 Received by tP A***,* Time (H:m) 16.1S Date (Y-M-d) 200307-18 



18- 7-081 3t«8PM.»DAVIES COLLI SON CAVE 



IPAutt Sieere fix ( 



6 



10 



15 



20 



25 



• comparator for comparing the estimated combined particle transmittance to 
the second threshold value and; 

an indicator for indicating the second level filter warning when the estimated 
combined parfctotranmrit^ 

The comparator for comparing (he estimated smoke particle tranamittanco to 
the first threshold value and the comparator for comparing the estimated smoke 
particle transmmance to the second threshold value may be one and the same 
apparatus. 

The comparator for comparing the estimated combined particle transmittance 
to the first threshold value and the comparator for comparing the estimated combined 

particle transmittance to the second threshold value may also be one and the same 
apparatus. 

The indicator for indicating the first level filter warning and the indicator for 
indicating the second level filter warning in the case of either the estimated smoke 
particle transmittance or the estimated combined particle transmittance may be one 
and the same apparatus. 

Preferably, the predetermined weighting operation may comprise multiplying 
the integrated smoke hours value by a given multiplier value, for example, a 
multiplier value obtained from a look up table. The predetermined weighting 
operation will depend, however, on the material properties of a given fitter and will 
vary accordingly from filter to filter. Further, various filter designs and materials may 
be expected to demonstrate various relationships between the smoke level to which 
they are exposed and the rate of reduction in smoke particle transmittance that they 
suffer, Including either linear or non-linear relationships. For example, an underlying 
function employed by foe present invention may be of foe fo 



30 



x- (s(b5 e +cS))dt 



where 



x - measure of filter lifetime used (integrated smoke hours); 
S - recorded smoke level (eg, percentage (%) obscuration/metre) 
measured at exit of filter at any instant in time; 
t -time: and, 

a, b, c and d are coefficients established from empirical testing of a 
given filter. 
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Preferably, for each filter design envisaged, accelerated levels of smoke are 
used to obtain the empirical testing data. 

The "integrated smoke hours" value defined above is, generally, a measure of 
cunntlative fitter blockage over time by smoke like particles and that general 
5 measurement is referred to hereinafter as "integrated sraokc hours". It is empirically a 
measure of a given amount of ambient smoke detected and recorded by a smoke 
detector system and integrated over the time of exposure of the smoke detector syi 
to the ambient smoke. "Smoke like particles" refers to particles, being cither smoke 
or otherwise, which have a particle size in the order of that of smoke particles, ibr 
10 example, smog and other ambient air pollutants. Owing to their sin, these smoke like 
particles display similar properties to actual smoke particles. In particular, they 
scatter light in a similar fashion to smoko particles and as a result, their characteristic 
output from a light scatter detector is accordingly similar to a scatter detector's output 
produced by smoke particles. 



mD P«*w ** «no» to which the above integration is performed 
ranges from the time at which the detector begins operation with a new or fresh filter 
until either: 

(a) the estii 



moss aansmiitanee is less than or equal to the first 
threshold value, at which time the first level filter warning may 
indicate mat the filter requires replacing: or, 
0>) the estimated smoke transmittance Is less than or equal to the 
second threshold value, at which time the second level filter 
warning may indicate a critical fault where filter end-of-lifo is 
signalled. 

Particle transmittance as referred to herein is defined as the ratio of detectable 
particle level output by a filter to the detectable particle level input to the filter. In 
operation, it is possible to utilise the above method and a smoke detection system in 
accordance with the invention to produce or flag a filter warning or fi»,n 



u« ^unuKea iransmutance reaches a threshold at which a predetermined 
30 reduction of the transmittance of the filter may be deemed to indicate an unacceptable 
degradation in filter performance. For example, the predetermined reduction in 
smoke particle transmittance may be between about 2% and about 40%, and 
preferably about 10%. A further critical fault condition may be flagged at a point in 
time when the integrated smoke hours reaches a forthd- tkm*»M _ 
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predetermined critioa] reduction of die traoke j 
be predicted Per example, the Anther prede 
pertiolo tnuwmittanoc may be between about 
about 15%, 

la another embodiment a method of incB< 

Detecting the amount of smoke passing through a detection chamber 
Summing the amount of detected tmoke passing through the detection 
chamber over time to ascertain total smoke hours; 

Cbmparing the total amount of smoke passed through die detection chamber 
with a predetermined value; 

Sending a signal indicating when the total smoke hours has exceeded the 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Other feature* and advantages of one or more preferred embodiments of foe 
present invention will be readily apparent to one of ordinary skill in the art from the 
Allowing written description with reference to and, used in conjunction with, the 
accompanying drawings, in which: 

Figure 1 is a Wot* diagram of an optical scatter detection system, such as in a 
smoke and fire detection system, in accordance with a profaned embodiment of the 
present invention; 

Figure 2 is a schematic diagram of an optical scatter detector included in the 
system of Figure 1 in accordance with a preferred embodiment of the present 
invention: 

Figure 3 is a diagram illustrating typics 
fer both detected smoke like and dust particles; 

Figure 4 is a graphical illustration of 
curves produced in accordance with embodiments of the present 'invention; 



the detector of Figure 2 
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ngure 3 is a block diagram of a control circuit Incorporated Into the system of 
Figure I In accordance with a preferred embodiment of the present Invention. 
DESCRIPTION OF PREFERRED EMBODIMENT 

Initially referring to figure 1, an example aspirated smoke detector 2 is shown 
having a pipe network 102. a detection chamber 14. a light source 10, a detector 12, 
an aspirator 106 and a controller 16. Also shown is an output 160, display 18 and 
alarm and extinguishing equipment 20. A filter 25 is located before the detection 
chamber 14 to filter unwanted particles from the. From the chamber 14 the sampled 
ah la expelled to the outside environment of the detection system. 

Filter 25, such as a volume foam filter having pores, will accumulate particles 
within the pores over its life. The particles appear to block the pores, reducing 
partiele transmittanoe, however the exact mechanisms of filter blocking are not 
known. Blocked pores wjll not let dust or all smoke particles through, but may still 
let air through at flow rates and with pressure drops that are very close to tho initial 
conditions, thus making it impractical to detect a filter which is substantially blocked 
to smoke by monitoring airflow or pressure drop alone. Flow sensors are typically 
used in aspirated smoke detectors to recognise failures of the aspirator (fan) and to 
recognise gross failures of the sampling pipe network such as breakage or blockage of 
sampling holes. Flow sensors, however, cannot determine when a filter has become 
significantly blocked due to the transmission of smoke particles as air will continue to 
pass largely unhindered through the filter medium, even if a significant proportion of 
the particles within the air passing through foe filter are not transmitted. In most 

of filters, mis is not necessarily a disadvantage, as, for example with air 
filters for air-conditioning units, it is desirable to remove as many particles as 
possible.. Any measurable reduction in airflow rate only occurs long after the filter 
has ceased to pass particles. 

Typically the pores in a filter are many times larger than the dust to be 
blocked; however volume foam filters have a relatively long channel for a dust 
particle to travel through. Particles travelling Ihrough filters with pores are frequently 
trapped within the filter due to their inertia and attraction to the walls of the fiher « 
they draw close thereby, rather than completely blocking a channel. The 
behind particles being trapped in filters and filter blocking are generally not well 
understood, and therefore reliance is often made on empirical assumptions based on 
anecdotal evidence. In the present invention, a distinction is made between dust 
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particles and smoke particle*, mainly on their site. In genera], the majority of smoke 
particles encountered can he said to range in size from < 0.1 microns to approximately 
5 microns. Tho majority of dust particles range in size fiom 5 microns upward*. 

Referring to figure 1 in detail, an optical scatter detection system forms the 
detector for an aspirated smoke detection system 2 as shown in block diagram form. A 
light source controlling circuit 10 control, a light source such as a laser light source, 
which fltaminates a scatter detection chamber 14. The scatter detection chamber 14 is 
provided with a source of air in which smoke particles are to be detected. This air is 







• 1 





10 is scattered by airborne particle, introduced into the detection chamber 14, and a 
light scatter detector 12 detects the scattered fight An example of such an 
arrangement can be seen in a Vesda <© LaserPlua ™ Detector sold by the applicant 

A controller circuit 16 is coupled to the light source controlling circuit 10 and 
to the light scatter detector 12. Controller circuit 16 receives signals on fine 22 fiom 
the light scatter detector 12, which signal is indicative of the amount of light reaching 
the light scatter detector 12 from the laser light aourx^ iiK»rpc^tod into the light 
source control circuit 1 0, after the light has been scattered by passing through the 
detection chamber 14. A control signal is output fiom controller 16 on line 24 to fight 
source controlling circuit 10, to control the light source controlling circuit 10. 

The controller circuit 16 may control alarm apparatus, such as a suitable 
display 18 to indicate the level of detected smoke, based on the light level delected by 
the detector 12. The components of the above system may generally bo foimcd in 
conventional manner. Detector 12 may be formed as shown in figure 2. A 
photodiode 120 is shown arranged to receive fight from the source 10 having passed 
through the detection chamber 14. Photodiode 120 is between a ground line 122 and 
the inverting input of an operational amplifier 124. The parallel resistor 126 and 
capacitor 128 shown connect the inverting input and the output of amplifier 124, and 
the non-inverting input is connected to voltage bias rail 130. 

Output fiom amplifier 124 is taken via the series connected capacitor 132 and 
resistor 1 34 to the inverting input of a second amplifier 136. The non-inverting input 
of this is again connected to the rail 130. whilst the inverting input and output are 
connected via the parallel capacitor 140 and resistor 142 shown. The photodiode may 
for example be of type BFW34 and the operational amplifiers may be of type 
LMC662. The arrangement of this circuit is such that the first amplifier stage 



* 18/ 26 



COMS ID No: SMBI-0034626B Received by IP Australia: Time <H:m) 16:16 Date (Y-M-d) 200SO7-16 



18- 7-03) aiSePMlOAVIES COLLI SON CAVE 



iPAvit Stevr* f»x ; 

11 



# 17/ 28 



10 



IS 



20 



25 



30 



represented by amplifier 124 and associated components generates an output signal 
proportional to tho current from the photodiodo 120 and provides a first eider low 
pass filter to remove high frequency noises. The second stage, provided by capacitor 
132, resistor 134 and the amplifier 136 and associated components, provides a high 
pass filter winch removes DC offsets and provides additional gain. Output from 
amplifier 136 is applied to the controller circuit 16. 

Figure 3 show* a representative output signal 145 from the detector 12. la this 
case, signal 145 is an analog output. The signal level, overall, is representative ofthe 
«m output from the detector 12. The output from the detector 12 is proportional to the 
amount of scattered light detected within the chamber, which is itself proportional to 
the concentration of particles in the air within chamber 14. Many ofthe particles 
within eh- in chamber 14 are smoke particles, but some may be dust particles. When 
dust particles pass through die filter 25, they produce a characteristic signature in the 
output as shown. In particular, a spike 1 50 is produced in the output signal. Generally, 
there will he one such spike for each detected dust particle. The reason why the dust 
particles cause spikes of tUs kind is that the dust particles are generally much bigger 
man the particles which are otherwise detected for purposes of smoke or fire detection 
The method and apparatus of the present invention infers the filter condition by using 
the relatively slowly changing smoke signal 145 generated by a large number of small 
particles, integrated over time, rather than simply counting the number of transient 
^spikes" produced from single large dust particles, only, as shown in figure 3 at ISO. 
To calculate the level of smoke, the spikes are removed from the signal, to smooth the 
signal to be a better representation ofthe level of amoks in the chamber. The spikes 
are not discarded, but may also be counted to ascertain the number of dust particles 
flowing through die chamber 14. 

Referring to figure 5, in the controller 16, signals ofthe form shown in figure 
3 maybe signal conditioned and applied to an analog/digital converter 152 to provide 
a digital signal representative thereof; which digital signal may then be applied to, for 
example, a discriminator 154 for detennining the spikes associated with the detection 
of dust particles as described in US 6.025,058. 

The controller 16 may also comprise circuitry 164 for recording the steady 
signal indicative of fire hazard smoke particles and other non-fire hazard smoke like 
particles. Further to this, integrating circuitry 166 may be incorporated into the 
controller to integrate the measured or recorded signal ofthe smoke like particles over 
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time. An estimator 168 determines either tho smoke particle transmittance alone as at 
output with the aid ofa multiplier 168A adapted for ose with a look up table 168B or. 
tho cumulative count from counter 156 may be utilised by estimator 168 and 
combined, for example by summer 168C, with the estimated smoke particle 
tnmsmittance fo produce an output estimating the combined particle transmittance. 
The output of estimator 168 or the output of dust counter 1 56 is applied, via selector 
162, to comparator 158 which may compare the outputs of estimator 168 or the 
outputs of counter 156 to given preset thresholds 170. The preset thresholds may be 
preset counts in the case of a dust count alone and/or preset particle tranarnitomcas fci 
the case of either the estimated smoke particle tnmsmittanee alone or a combined 
estimated particle transntittance. The output 160 of comparator 1 58 may be used to 
set warning indicator* based on the result of comparisons with the given preset 
threshold values 170. 

Figure 4 illustrates the relationship between particle tnmsmittanco T x and time 
t in graphical form for three cases. Dished ime S represents particle tiansmittance T» 
in a smoke detector system with no filter trapping .moke or dost particles. Also 
shown are two curves, A and B, representing estimated filter particle transntittancas 
determined in accordance with the present invention. Curve A represents the 
:ed smoke particle transmittance T, relationship in situations where estimates 
ie based on smoke particle levels summed over time (which may be referred to 
as smoke hours). The higher the amoke hours, tho more smoke particles trapped in 
the filter which relates to a redaction in smoke particle transmittance. Curve B 
represents the estimated combined amoke particle transmittance T, relationship when 
mtegration of smoke particles over time is taken into account with dust particle 
transmission. The difference between the positions of the two curves will be related 
to the amount of smoke in the air in Nation to dust. Previously this relationship was 
not considered important For the case of curve A, the estimated smoke like particle 
transmittance T, is a generally linear relationship. Curve B is a generally linear 
relationship of the combined particle tnmsmittanoe T, ofa filter where, m accordance 
with a preferred embodiment of tho present invention, the estimated smoke particle 
transmittance T* is combined with the cumulative count of dust particle events to 
provide the combined estimated filter particle transmittance T» due to both dust and 
smoke like particles. As noted, straight dashed line S represents the case where all 
partioles both dust and smoke like -re transmitted through the detector system in the 



20 are made based on 
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«*enec oi any niter, curve Alii linear fall off curve representing aa estimate In 
accordance with one embodiment of the invention of the smoke particle transrntaance 
T, which is based solely on the integrated smoke hour, value. At point B on the time 
axis, the estimated smoke particle transmittance T, has fallen to the first threshold 
value at about 10% reduction in transmittal T x . At this point in time a filter 
warning may be issued indicating that the filter should be replaced At point P on the 
time axia the smoke particle transmittance T, has fallen to the second threshold value 
at about 15% reduction In the transmittance T. where a critical fault may be indicated 
by a second level warning. In a preferred form of the invention a combined filter 
particle tranarnittance T. is estimated which results in curve B. Given that the curve 
now represents the reduction in particle tnmsmittance T x due to both smoke like and 
dust particles, the drop off from straight line S occurs earli^- m time. It has been 
found that the initial reduction in transmission of amoke fbr both curves A and B 
occurs almost as soon as the Altera are used, and accordingly for the purposes of 
illustration, die representations of linear curves A and B of figure 4 have in effect 
exaggerated the time it takes for the dn^ off to commei«» to bc^ c^. As in the 
caae of curve A, curve B fall* to a point at C on the time axia where the first threshold 
value is reached and about 10% reduction to particle transmittance T, occurs 
prompting a first warning level for replacing the filter. likewise, at point D on the 
time axis, curve B reaches the second threshold value where about 1 5% reduction to 
particle transmittance T x is estimated to occur prompting a critical second warning 
indicating an end of life for the filter. 

It is possible to correlate a given particle transmittance based on a cumulative 
dust particle count to an equivalent estimate of a reduction to amoko particle 
transmittal based on the weighted integrated smoke hours. For example, see table 1 
showing $ome empirical results: 



# (Dust particle count* cumulative) 




% Refaction in smoke particle 
transmittance (integrated smoke hours, 
weighted) 


4xio° " — 


To ~ — ~ 


1 x io'~ ~ 


|25 ~ ^ 
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TABLE 1 

As the present invention may be embodied in several forms 
Horn the spirit of the essential characteristics of the invention, it should be understood 
that the above described embodiments are not to limit the present invention unless 
otherwise specified, but rather should be construed broadly within the spirit and scope 



departing 



sand 



or u» present invention as defined in the appended claims. Various mo 
equivalent arrangements are intended to be included within the spirit and scope of the 
present invention and appended claim*. For example, with respect to the embodiment 
of a detection system as shown in figure 1 , the system may be further modified so that 
the air delivered to chamber 14 » derived directly from the incoming air to filter 25 
rather than the outlet air from the filter. In this case, a higher maximum filter toad will 
be required because there win be more particles either dust or smoke like present. 

Tha present invention provides a method and apparatus for allowing 
continually monitoring of the condition of a filter and alleviates the need for 
excessively Sequent testing and maintenance of a smoke or fire detection system. 
Accordingly, foe risk of failure of the detection system to operate in foe event of fire 
is reduced. 
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1. A method of determining smoke particle transmittance of a filter in a 
smoke or fire detection system, the method comprising the steps oft 

detecting a level of first particles having a size indicative of smoke particles 
and which, pass through the detection system; 

determining *» integrated smoke horn* value by integrating the detected level 
of first particles over time; 

estimating the amok* particle transmittance of the filter by applying a 
predetermined weighting operation to the integrated smoke hours value. 

2. The method of claim 1 wherein, the predetermined weighting 

operation comprises the step of multiplying me integrated 
smoke hours value by a predetermined multiplier value. 



»ko or fire detection system, the 



25 



30 



3. A method of monitoring a filter in a w 
method comprising the steps of: 

performing the method of claim 1 or 2; 

detecting a level of second particles, having a size indicative of dost particles, 
passing through the detection system; 

providing a cumulative count over thne of the number of detected second 
particles; 

detennming an estimated combined particle transmittance by combining the 
cumulative count of detected second particles and the estimated smoke particle 
transmittrace 

comparing the estimated combined particle transmittance to a first threshold 
value at which, it is predetermined that the amount of smoke particles arrested by the 
filter has reached a first warning level; 

indicating a first level filter warning when the estimated combined particle 
transmittance is less than or equal to the first threshold value; 

comparing the estimated combined particle transmittance to a second threshold 
value at which, it is predetenmned that the amount of smoke arrested by the filter has 
reached a second warning level and; 

Indicating the second level filter warning when the estimated combined 
particle transmittance Is less than or equal to the second threshold value 



COMS ID No: SMBW0346266 Rocojvsct by .P Austmlla: Time (H:mJ 16:16 Date (Y-M-d) 20, 



17-18 



IS- 7-03J 3!68PMJDAVIt$ COILISON CAVE 



IPAuit Saears fix j 

10 



4. The method of claim 3 wherein the flrat threshold level corresponds to 
a reduction in smoke particlo transnttttance between shout 2% sod about 40%. 

5. The method of claim 3 wherein the second threshold leva] corresponds 
5 to e reduction in amokc particle transmittance between about 10% and about 70%. 

6\ The method of any one of claims 1 to 5 wherein, the step of 
detennlning an integrated smoke hours value comprises the following integration 
formula: 



10 



15 



x- t»(hS B +dS))dt 



where 





BBS 


• 





filter. 



S - recorded smoke level (percentage (%) obscmationtaetre) 
measured at exit of filter at any instant in time; 
t - time; and, 

a, b, o and d are coefficients established from empirical testing of e given 
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7a The method of cl 
integration is perfbrmed ranges 
with a new filter until either 

(c) (he estimate! 



• leiij 



'herein, the period of time in i 
ime at which the detector begins 



tKII 



> is less than or equal 
to the first threshold value, at which time the first level filter 
warning indicates that the filter requires replacing; or, 
(d) the estimated combined particle transmittanee is less than or equal 

to the second threshold value, at which time the second level filter 
warning indicates a critical fink where filter end-of-life is 
signalled. 

8. The method of any one of claims 1 to 7 wherein, the particles are 
detected prior to entering the filter of the detection system. 
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9. The method of any one of claims 1 to 7 wherein, the particles 
detected after exiting the filter of the detection syi 



10. In a smoke or fir* detection system, apparatus for detaining smoke 
particle transmittanee of a filter, the apparatus being adapted to operate in accordance 
with die method of any one of claims 1 or 2. 

12. Apparatus for monitoring a filter in a smoke or fire detection system, 
the apparatus being adapted to operate in accordance with tho method of any one of 
claims 3 to 9. 

13. A method substantially aa herein disclosed with reference to at least 
one of the accompanying drawings. 

14. A system or apparatus as herein disclosed with reference to at 

least one of the accompanying drawings. 

15. A method of indicating »moke transmittanee inohiding: 
Detecting the amount of smoke passing through a detection chamber 
Summing the amount of detected smoke passing through the detection 

chamber over time to ascertain total smoke hours; 

Comparing the total amount of smoke passed through the detection 
chamber with 8 predetermined value; 

Sending a signal indicating when the total smoke hours has exceeded 
the predetermined value. 

DATED THIS 1 8 m DAY OF JULY 2003 
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